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HBV

:   hepatitis B virus
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Graft survival rates after liver transplantation have improved steadily over the last 2 decades, reaching 90% at 1 year and 75% by year 5.[1](#lt25664-bib-0001){ref-type="ref"} Patients receiving a liver transplant, however, have become older and more severely ill. Also, they are more frequently transplanted due to malignant diseases.[1](#lt25664-bib-0001){ref-type="ref"} It is therefore perhaps unsurprising that improvements in patient survival have plateaued.[2](#lt25664-bib-0002){ref-type="ref"}

Against this background, the immunosuppressive regimen should take into account the risk of complications that can contribute to longterm morbidity and mortality. The calcineurin inhibitor (CNI) tacrolimus (TAC) is used almost universally after liver transplantation[1](#lt25664-bib-0001){ref-type="ref"} based on evidence for reduced rejection and improved outcomes versus cyclosporine A (CsA).[3](#lt25664-bib-0003){ref-type="ref"}, [4](#lt25664-bib-0004){ref-type="ref"} The nephrotoxic effects of CNI therapy, however, contribute to progressive renal dysfunction after liver transplantation.[5](#lt25664-bib-0005){ref-type="ref"}, [6](#lt25664-bib-0006){ref-type="ref"} TAC also appears to increase the risk for malignancy in a dose‐dependent manner[7](#lt25664-bib-0007){ref-type="ref"}, [8](#lt25664-bib-0008){ref-type="ref"} and to be associated with cardiovascular risk factors, such as diabetes mellitus.[9](#lt25664-bib-0009){ref-type="ref"}

The mammalian target of rapamycin (mTOR) inhibitor everolimus (EVR) offers an alternative immunosuppressant to CNIs, with the potential to reduce CNI‐related nephrotoxicity without loss of efficacy[10](#lt25664-bib-0010){ref-type="ref"} and possibly to lower the risk of posttransplant malignancies.[11](#lt25664-bib-0011){ref-type="ref"} The randomized H2304 study demonstrated that EVR with reduced TAC was associated with significantly better renal function and comparable efficacy over the first 3 years after liver transplantation compared with standard TAC therapy.[12](#lt25664-bib-0012){ref-type="ref"}, [13](#lt25664-bib-0013){ref-type="ref"}, [14](#lt25664-bib-0014){ref-type="ref"}

The recent SIMCER trial examined the use of EVR in combination with mycophenolic acid (MPA) to support a CNI‐free regimen early after liver transplantation.[15](#lt25664-bib-0015){ref-type="ref"} At month 1, patients were randomized to start EVR with TAC withdrawal by month 4. All patients received basiliximab induction. At the end of the 6‐month study, the mean gain in estimated glomerular filtration rate (eGFR) from randomization was 14 mL/minute/1.73 m^2^ higher with EVR compared with the control arm (*P* \< 0.001), with a trend to more frequent treated biopsy‐proven acute rejection (BPAR; 8.9% versus 2.2%; *P* = 0.06), which was considered as being due to early EVR underexposure.

Patients who completed the SIMCER study were given the option to participate in the observational CERTITUDE study, which followed patients to 5 years after transplant. The aim of CERTITUDE is to provide longterm follow‐up data on renal function (the primary endpoint of SIMCER) as well as on efficacy, safety, and patient care, with a focus on patients receiving a CNI‐free regimen. Results to 2 years after transplant are presented here.

Patients and Methods {#lt25664-sec-0002}
====================

Study Design and Conduct {#lt25664-sec-0003}
------------------------

CERTITUDE is a multicenter, observational, prospective study conducted at 13 transplant centers in France (NCT CRAD001HFR03, Eudract 2012‐000137‐39). The enrolled patients were those who completed the 6‐month, multicenter, open‐label SIMCER trial, in which de novo liver transplant patients were randomized at 1 month after transplant to either start EVR with TAC withdrawn by month 4 or to continue standard TAC‐based immunosuppression.[15](#lt25664-bib-0015){ref-type="ref"} For patients who agreed to participate in CERTITUDE and who provided the relevant informed consent, study data were collected on entry to CERTITUDE, then at 6‐month intervals until 2 years after transplant, and annually thereafter at routine patient follow‐up visits until 5 years after transplant.

The CERTITUDE study protocol was approved by the French Advisory Committee for Data Processing in Health Research (Comité Consultatif sur le Traitement de l'Information en Matière de Recherche Dans le Domaine de la Santé) and the French Data Protection Authority (Commission Nationale de l'Informatique et des Libertés). Written informed consent was obtained from all participants.

Eligibility Criteria {#lt25664-sec-0004}
--------------------

Patients who were randomized in the SIMCER trial and attended either the 6‐month or end‐of‐study visit were eligible to enter the CERTITUDE study after providing new written consent unless they had experienced graft loss or been lost to follow‐up. Key exclusion criteria for the SIMCER trial were transplantation with a graft from a living donor or deceased non--heart‐beating donor, transplantation following autoimmune liver hepatitis, primary sclerosing cholangitis or primary biliary cholangitis, and eGFR ≤30 mL/minute/1.73 m^2^.

Immunosuppression {#lt25664-sec-0005}
-----------------

The immunosuppression protocol for SIMCER has been described previously.[15](#lt25664-bib-0015){ref-type="ref"} In brief, all patients received basiliximab induction followed by initial maintenance therapy with TAC (target 6‐10 ng/mL) and enteric‐coated mycophenolate sodium (EC‐MPS; 720 mg twice daily). Intravenous and oral steroids could be given according to local practice. Patients were randomized at week 4 (stratified according to hepatitis C virus \[HCV\] positivity or negativity and by eGFR at transplant). In the EVR group, the target EVR trough concentration was 6‐10 ng/mL, with the TAC dose reduced stepwise and then discontinued during week 12. In the control arm, TAC was continued (6‐10 ng/mL). All patients continued EC‐MPS to the end of the study with or without steroids.

During the CERTITUDE study, physicians were free to modify the immunosuppressive treatments at any time during follow‐up. The patients were, however, identified according to the therapeutic strategy (with or without CNI) received according to randomization in the SIMCER study.

Study Endpoints {#lt25664-sec-0006}
---------------

The primary endpoint for the CERTITUDE study was the change in eGFR from randomization in the SIMCER trial (at month 1 after transplant) to months 12, 18, 24, 36, 48, and 60 after transplant. Secondary endpoints included the urinary protein:creatinine ratio; stage of chronic kidney disease (CKD; Kidney Disease Outcomes Quality Initiative \[KDOQI\] classification); requirement for dialysis or kidney transplantation; incidence and severity of treated BPAR (rejection activity index \[RAI\] score \>3, Banff 97)[16](#lt25664-bib-0016){ref-type="ref"}; treatment failure (treated BPAR RAI score \>3, graft loss, or death); patient and graft survival; major cardiovascular events (MACEs); de novo malignancy; histological HCV recurrence (metavir ≥ F2); overall and de novo diabetes; changes in fasting blood glucose, HbA1c, and lipid levels; immunosuppressive treatments received and the reasons for discontinuation; and adverse events and serious adverse events.

The eGFR was found according to the abbreviated Modification of Diet in Renal Disease (aMDRD).[17](#lt25664-bib-0017){ref-type="ref"} BPAR was graded according to the RAI score. Treatment failure was defined as treated BPAR (RAI score \>3), graft loss, or death.

Data Analysis {#lt25664-sec-0007}
-------------

For the primary endpoint (change in eGFR \[aMDRD\] from randomization), 95% confidence interval (CI) values were estimated, and values were compared between groups using the Wilcoxon rank sum test. Analysis of covariance (ANCOVA) was also used to compare the change in eGFR between groups, with treatment group and planned assessment time as fixed factors and eGFR at baseline as the covariate. Afterward, the change in eGFR was analyzed according to the immunosuppressive regimen received by patients in the following groups: Remained on EVR as randomized without TAC.Switched from EVR to TAC.Remained on TAC as randomized without EVR.Switched from TAC to EVR.

Characteristics of the 2 initial treatment arms and secondary endpoints were compared using the chi‐square text, Fisher's exact test, Student *t* test, or Wilcoxon test, depending on the variable, the distribution of the data, and the number of subgroups. Changes from randomization were assessed by the Wilcoxon signed rank test.

It was estimated that approximately 140 patients would enter the CERTITUDE study based on a 25% dropout rate from the 184 patients randomized in the SIMCER trial.

Statistical analyses were performed using SAS, version 9.2 (SAS Institute, Cary, NC).

Results {#lt25664-sec-0008}
=======

Study Population {#lt25664-sec-0009}
----------------

Of the 188 patients randomized in the SIMCER study (EVR group, n = 93; TAC group, n = 95), 143 entered CERTITUDE (EVR group, n = 65; TAC group, n = 78). Among the 45 patients who did not enter CERTITUDE, 8 were ineligible (deceased, graft loss, or no study visit at month 6 in the SIMCER trial), 11 declined to participate, 9 were not included due to administrative reasons, and the reason was unknown in the remaining 17 patients. Patient characteristics were similar between groups other than a lower proportion of patients transplanted due to hepatocellular carcinoma (HCC) in the EVR group (18.5% versus 29.5%; Table [1](#lt25664-tbl-0001){ref-type="table"}). The follow‐up visit at month 24 was attended by 137 patients (EVR group, n = 63; TAC group, n = 74; Fig. [1](#lt25664-fig-0001){ref-type="fig"}A).

###### 

Patient Characteristics and Immunosuppression According to Randomized Treatment Groups

                                                                                         EVR Group (n = 65)                                TAC Group (n = 78)
  -------------------------------------------------------------------------------------- ------------------------------------------------- ----------------------------------------------------
  Sex, male                                                                              56 (86.2)                                         68 (87.2)
  Age, years[\*](#lt25664-note-0005){ref-type="fn"}                                      57 (9)                                            56 (8)
  Race, white                                                                            61 (93.8)                                         74 (94.9)
  Body mass index, kg/m^2^                                                               23.6 (3.5)                                        23.4 (4.2)
  Reason for liver transplantation                                                                                                         
  Alcoholic cirrhosis                                                                    35 (53.8)                                         40 (51.3)
  HCC                                                                                    12 (18.5)                                         23 (29.5)
  HCV                                                                                    6 (9.2)                                           6 (7.7)
  HBV                                                                                    2 (3.1)                                           2 (2.6)
  Other                                                                                  10 (15.4)                                         7 (9.0)
  Diabetes[†](#lt25664-note-0006){ref-type="fn"}                                         20 (30.8)                                         23 (29.5)
  Cold ischemia time ≥12 hours                                                           5 (7.7)                                           3 (3.8)
  Immunosuppression at month 6 after transplant                                                                                            
  EVR                                                                                    60 (92.3)                                         3 (3.8)
  CNI therapy                                                                            15 (23.1)                                         77 (98.7)
  TAC                                                                                    15 (23.1)                                         76 (97.4)
  CsA                                                                                    0 (0.0)                                           1 (1.3)
  MPA                                                                                    53 (81.5)                                         69 (88.5)
  Steroids                                                                               37 (56.9)                                         41 (52.6)
  Immunosuppression at month 24 after transplant[‡](#lt25664-note-0007){ref-type="fn"}                                                     
  EVR                                                                                    44 (69.8)[§](#lt25664-note-0008){ref-type="fn"}   18 (24.3)
  CNI therapy                                                                            29 (46.0)                                         68 (91.9)
  TAC                                                                                    28 (44.4)                                         67 (90.5)[\|\|](#lt25664-note-0009){ref-type="fn"}
  CsA                                                                                    1 (1.6)                                           1 (1.4)
  MPA                                                                                    50 (79.4)                                         60 (81.1)
  Steroids                                                                               19 (30.2)                                         19 (25.7)

Data are given as mean (SD) or n (%).

At randomization in the SIMCER study.

At entry to the SIMCER study.

EVR group, n = 63; TAC group, n = 74.

31 patients also received TAC at month 24.

19 patients also received EVR at month 24.

John Wiley & Sons, Ltd

![(A) Patient allocation and (B) patient subgroups according to immunosuppression at month 24 after transplant. \*1 patient was receiving CsA. \*\*Patient relocated.](LT-25-1822-g001){#lt25664-fig-0001}

Immunosuppression {#lt25664-sec-0010}
-----------------

At entry to CERTITUDE, 60/65 (92.3%) patients in the EVR group were still receiving EVR, and 15 were receiving TAC. Thus, 45/65 (69.2%) patients were being given EVR in a CNI‐free regimen. In the TAC group, 76/78 (97.4%) patients were still receiving TAC, 1 was receiving CsA, and 3 patients had started EVR, 1 of whom was on a CNI‐free regimen. Use of steroids and MPA was comparable between groups (Table [1](#lt25664-tbl-0001){ref-type="table"}).

Immunosuppression at month 24 after transplant is summarized in Table [1](#lt25664-tbl-0001){ref-type="table"}. Because CERTITUDE is an observational study, physicians are free to modify the immunosuppressive regimen at any time during follow‐up. Of the 65 patients in the EVR group, 31 (47.7%) patients received TAC at some point during months 6‐24, whereas 34 (52.3%) patients remained on a CNI‐free regimen (Fig. [1](#lt25664-fig-0001){ref-type="fig"}B). By month 24, 44/63 (69.8%) patients in the EVR group were still receiving EVR. In the TAC group, 19 (24.3%) patients were given EVR at some point during months 6‐24 (Fig. [1](#lt25664-fig-0001){ref-type="fig"}B). At month 24, 67/74 (90.5%) patients were still receiving TAC at month 24.

In the EVR group, the mean (standard deviation \[SD\]) EVR trough concentration at month 6 and at month 24 was 7.7 (3.3) and 7.1 (2.7) ng/mL, respectively, among patients receiving CNI‐free therapy and 8.3 (3.6) and 8.3 (4.1) ng/mL, respectively, among patients who had restarted TAC. In the TAC group, the mean trough concentration at month 6 and month 24 was 7.9 (2.5) and 6.3 (2.0) ng/mL, respectively, for patients receiving TAC without EVR and 8.4 (3.4) and 2.6 (0.7) ng/mL, respectively, for TAC‐treated patients in whom EVR was introduced. There were no marked differences between the groups in MPA or steroid use at month 24 (Table [1](#lt25664-tbl-0001){ref-type="table"}). The mean (SD) dose of EC‐MPS was 987 (415) and 911 (453) mg/day in patients receiving EVR alone or with TAC, respectively, and 1028 (439) and 1008 (372) mg/day in patients receiving TAC alone or with EVR, respectively.

Renal Function {#lt25664-sec-0011}
--------------

At the end of the SIMCER study, the mean ±  SD eGFR in the patients included in CERTITUDE (n = 143) was 83.42 ± 27.93 mL/minute/1.73 m^2^, and in the patients who were not included, it was 80.99 ± 31.48 mL/minute/1.73 m^2^. Observed mean (SD) eGFR was significantly higher in the EVR group during months 3‐12, with a nonsignificant trend to higher eGFR thereafter (Fig. [2](#lt25664-fig-0002){ref-type="fig"}A). At month 24, mean (SD) eGFR in the EVR group and the TAC group was 83.6 (24.8) and 75.3 (29.6) mL/minute/1.73 m^2^, respectively (*P* = 0.09).

![(A) Mean eGFR (aMDRD) from randomization to month 24 after transplant according to randomized treatment group. (B) Median eGFR (aMDRD) from randomization to month 24 after transplant according to treatment received.](LT-25-1822-g002){#lt25664-fig-0002}

Mean (SD) eGFR decreased by 10.2 (34.2) mL/minute/1.73 m^2^ in the EVR group and by 12.6 mL/minute/1.73 m^2^ in the TAC group from randomization to month 24 (median, 11.4 and 8.6 mL/minute/1.73 m^2^, respectively; *P* = 0.77). When analyzed by ANCOVA, the adjusted mean (standard error \[SE\]) values for change from randomization to month 24 were −8.0 (2.8) mL/minute/1.73 m^2^ and −13.5 (2.6) mL/minute/1.73 m^2^, respectively, a difference of 5.5 mL/minute/1.73 m^2^ (95% CI, −2.0 to 13.1 mL/minute/1.73 m^2^; *P* = 0.15).

When renal function was assessed according to the actual immunosuppressive regimen administered, from month 6 until month 18, there were significant differences in eGFR between the subpopulations of patients receiving EVR only, EVR with TAC, TAC only, or TAC with EVR, with patients given EVR only consistently having the highest eGFR (Fig. [2](#lt25664-fig-0002){ref-type="fig"}B). The highest median eGFR at month 24 was seen in the subpopulation of 34 patients who received EVR without TAC (90.8 mL/minute/1.73 m^2^ compared with 58.8 mL/minute/1.73 m^2^ for patients given TAC with EVR). The smallest median decrease in eGFR from randomization to month 24 was seen in the subpopulation given EVR without TAC (−5.3 mL/minute/1.73 m^2^ compared with −13.0 mL/minute/1.73 m^2^ for patients given TAC with EVR).

The incidences of CKD stages 1, 2, and 3 were significantly in favor of the EVR group versus the TAC group at month 6 (*P* \< 0.001 overall), and they showed a trend in favor of the EVR group at month 24: 45.9%, 31.1%, and 23.0% of EVR‐treated patients had CKD stages 1, 2, and 3, respectively, versus 25.7%, 45.7%, and 28.6% of TAC‐treated patients (*P* = 0.05; Fig. [3](#lt25664-fig-0003){ref-type="fig"}).No patient had CKD stage 4 or stage 5, or required dialysis or kidney transplantation, at either month 6 or month 24. When assessed by the type of immunosuppression actually given, the incidence of CKD stage 3 at month 24 was 6.7% (2/30) for EVR only, 38.7% (12/31) for EVR with TAC, 16.9% (10/59) for TAC only, and 52.6% (10/19) for TAC with EVR.

![KDOQI stage at months 6 and 24 according to randomized treatment group.](LT-25-1822-g003){#lt25664-fig-0003}

Only one‐third of patients had a protein:creatinine ratio assessment at month 24, and the median (range) protein:creatinine ratio was similar in both groups (EVR group, 10 \[10‐50\] mg/mmol; TAC group, 10 \[0‐670\] mg/mmol). In the subgroups of patients receiving EVR only, EVR with TAC, TAC only, and TAC with EVR, the median (range) protein:creatinine ratio at month 24 was 0.01 (0.01‐0.05) g/mmol, 0.01 (0.01‐0.03) g/mmol, 0.01 (0.00‐0.67) g/mmol, and 0.06 (0.01‐0.07) g/mmol, respectively.

Efficacy {#lt25664-sec-0012}
--------

After entering the CERTITUDE study at month 6 after transplant, 6 (9.2%) patients in the EVR group and 4 (5.1%) patients in the TAC group experienced treatment failure (treated BPAR \[RAI \>3 or indeterminate\], graft loss, or death) by month 24 (Table [2](#lt25664-tbl-0002){ref-type="table"}). The most common contributing event was treated BPAR (EVR group, n = 4; TAC group, n = 2), with only 1 patient in each group experiencing treated BPAR after month 12.

###### 

Efficacy Endpoints According to Time Period

                                                                   SIMCER     CERTITUDE                                                        
  ---------------------------------------------------------------- ---------- ----------- ---------- ----------- ----------- ----------- ----- ---------
  Treatment failure[\*](#lt25664-note-0010){ref-type="fn"}         6 (9.2)    2 (2.6)     4 (6.2)    1 (1.3)     2 (3.1)     1 (1.3)     0     2 (2.6)
  ≥1 treated BPAR[†](#lt25664-note-0011){ref-type="fn"}            6 (9.2)    2 (2.6)     3 (4.6)    1 (1.3)     1 (1.5)     1 (1.3)     0     0
  Severity of treated BPAR[†](#lt25664-note-0011){ref-type="fn"}                                                                               
  RAI 4/5, Banff grade 1                                           5 (83.3)   1 (50.0)    2 (66.7)   1 (100.0)   1 (100.0)   0           ---   ---
  RAI 6/7, Banff grade 2                                           1 (16.7)   1 (50.0)    0          0           0           1 (100.0)   ---   ---
  Indeterminate                                                    0          0           1 (33.3)   0           0           0           ---   ---
  Death, n (%)                                                     0          0           1 (1.5)    0           1 (1.5)     0           0     2 (2.6)
  Graft loss, n (%)                                                0          0           0          0           0           0           0     0

Treated BPAR (RAI score \>3), graft loss, or death.

RAI score \>3 or indeterminate.

John Wiley & Sons, Ltd

Between month 6 and month 24, 2 patients died in the EVR group (sepsis, n = 1; malignant lung neoplasm, n = 1), and 2 patients died in the TAC group (metastatic renal cancer/respiratory distress, n = 1; cardiopulmonary arrest/multiple organ failure, n = 1). None of the deaths had a suspected relation to the study drug. There were no graft losses.

When efficacy events were analyzed from randomization in SIMCER to month 24, treatment failure occurred in 18.5% of patients in the EVR group versus 7.7% of those in the TAC group (*P* = 0.05). The odds ratio was 2.93 (95% CI, 0.99‐8.65; *P* = 0.05).

Safety {#lt25664-sec-0013}
------

Between months 6 and 24 after transplant, 100% of patients in the EVR group and 92.3% of patients in the TAC group reported 1 or more adverse event (Table [3](#lt25664-tbl-0003){ref-type="table"}); adverse events with a suspected relation to EVR were reported by 47.7% of patients in the EVR group (Supporting Table [1](#lt25664-sup-0001){ref-type="supplementary-material"}). Serious adverse events were reported in 66.2% and 43.6% of patients in the EVR and TAC groups, respectively, during months 6 to 24. During this period, adverse events led to study discontinuation in 15.4% and 7.7% of patients randomized to EVR or to TAC, respectively. Adverse events reported between randomization and month 24 are summarized in Supporting Table [2](#lt25664-sup-0001){ref-type="supplementary-material"}.

###### 

Adverse Events Reported Between Month 6 and Month 24 According to Randomized Treatment Groups

                                                                         EVR Group (n = 65)   TAC Group (n = 78)
  ---------------------------------------------------------------------- -------------------- --------------------
  Adverse events                                                                              
  At least 1 adverse event                                               65 (100.0)           72 (92.3)
  At least 1 adverse event with suspected relation to EVR                31 (47.7)            9 (11.5)
  At least 1 adverse event leading to study drug discontinuation         10 (15.4)            6 (7.7)
  Adverse events occurring in \>10% of patients in either group                               
  Cholestasis                                                            9 (13.8)             18 (23.1)
  Hepatocellular injury                                                  7 (10.8)             5 (6.4)
  Peripheral edema                                                       9 (13.8)             5 (6.4)
  Anemia                                                                 6 (9.2)              8 (10.3)
  Hypertension                                                           9 (13.8)             7 (9.0)
  Dyslipidemia                                                           9 (13.8)             3 (3.8)
  Weight increased                                                       4 (6.2)              10 (12.8)
  Hypertriglyceridemia                                                   8 (12.3)             6 (7.7)
  Diabetes mellitus                                                      4 (6.2)              9 (11.5)
  Hypercholesterolemia                                                   8 (12.3)             4 (5.1)
  Serious adverse events                                                                      
  At least 1 serious adverse event                                       43 (66.2)            34 (43.6)
  Serious adverse events occurring in \>5% of patients in either group                        
  Abdominal pain                                                         4 (6.2)              1 (1.3)
  Liver transplant rejection                                             4 (6.2)              1 (1.3)
  Acute kidney injury                                                    1 (1.5)              4 (5.1)

John Wiley & Sons, Ltd

Adverse Events {#lt25664-sec-0014}
--------------

During months 6 to 24, peripheral edema, dyslipidemia, hypertriglyceridemia, and hypercholesterolemia were more common in the EVR group, whereas cholestasis, increased weight, and diabetes mellitus were more common in the TAC group (Table [3](#lt25664-tbl-0003){ref-type="table"}). Cytomegalovirus infection was reported in 1.5% and 6.4% of patients in the EVR and TAC groups, respectively, between months 6 and 24. Proteinuria was reported as an adverse event in 1 (1.5%) patient in the EVR group and 3 (3.8%) patients in the TAC group.

The overall incidence of diabetes (defined as treatment with antidiabetic medication; EVR group, 47.7%, n = 31/65; TAC group, 41.0%, n = 32/78) and the incidence of de novo diabetes among patients who were nondiabetic at randomization (EVR group, 4.4%, n = 2/45; TAC group, 0.0%, n = 0/55) showed no marked differences in the EVR and TAC groups at month 24.

At baseline, arterial hypertension was found in 28 (48.3%) patients in the TAC group and 13 (28.3%) in the EVR group. At baseline, 43.6% patients in the TAC group were taking antihypertensive drugs, and 8.82% of hypertensive patients in this group were on angiotensin inhibitors. In the EVR group, 47.7% were taking antihypertensive drugs, and 9.47% of hypertensive patients in this group were on angiotensin inhibitors. There were no MACEs in the EVR group. Three patients experienced a MACE in the TAC group (hospitalization for heart failure, hospitalization for acute coronary syndrome, and death from cardiovascular causes; *P* = 0.25).

No patients in the EVR group and 3 patients in the TAC group developed HCC recurrence (0.0% versus 3.8%; *P* = 0.25). De novo malignancies occurred between randomization and month 24 in 2 patients in the EVR group (fatal bronchopulmonary carcinoma, n = 1; prostate adenocarcinoma, n = 1), and 1 patient in the TAC group (renal/prostate cancer).

### Hematology {#lt25664-sec-0015}

Between randomization and month 24, no patient in either group experienced grade 4 thrombocytopenia (platelet count 25,000‐50,000/mm^3^) or leukopenia (white blood cell count \<1000/mm^3^). In the EVR group, 1 patient had grade 4 anemia (hemoglobin level \<6.5 g/dL). Regarding grade 3 events, 1 patient in the EVR group had thrombocytopenia (platelet count 25,000‐50,000/mm^3^)or leukopenia (white blood cell count 1000‐2000/mm^3^); 5 patients in the EVR group and 6 patients in the TAC group had leukopenia (white blood cell count \<2000/mm^3^); and 3 patients in the EVR group and 1 TAC‐treated patient had anemia (hemoglobin level \<8.0 g/dL; Supporting Table [3](#lt25664-sup-0001){ref-type="supplementary-material"}). The administration of erythropoietin‐stimulating protein (EPO) was left to the physician's discretion. Overall, only 1 patient in the EVR group was taking EPO, and none in the TAC group did.

### Biochemistry {#lt25664-sec-0016}

The mean levels in the EVR versus TAC groups of fasting blood glucose (6.7 versus 6.5 mmol/L), total cholesterol (5.4 versus 5.1 mmol/L), low‐density lipoprotein cholesterol (3.2 mmol/L in both groups), high‐density lipoprotein cholesterol (1.2 mmol/L in both groups), and triglycerides (2.1 versus 2.0 mmol/L) were comparable between treatment groups at month 24. However, full lipid data were provided for only half the patients (EVR group, n = 33; TAC group, n = 36). Use of lipid‐lowering drugs (38.1% versus 14.9%) and hypoglycemic drugs (44.3% versus 31.1%) at month 24 was higher in the EVR group versus the TAC group.

Discussion {#lt25664-sec-0017}
==========

In this observational study following patients who completed the randomized 6‐month SIMCER study, EVR with MPA and early TAC withdrawal preserved renal function to month 24 after transplant. Observed mean eGFR was significantly higher in the EVR group after completing SIMCER up to month 12 after transplant with a nonsignificant trend to superiority thereafter, although the primary endpoint of adjusted eGFR lost significance by month 24. Almost half the EVR‐treated patients did not progress beyond CKD grade 1 compared with only a quarter of the TAC‐treated patients. Strikingly, the subgroup of patients who continued to receive CNI‐free EVR therapy had a median eGFR of \~90 mL/minute/1.73 m^2^ at month 12. Treated rejection was rare in both groups after month 6 after transplant, and hematological tolerability was good.

The loss of significance for the primary endpoint by month 24 likely reflected the extensive changes to immunosuppression regimens. After completion of the SIMCER study, immunosuppression was at the discretion of the investigator. By month 24, only \~70% of patients were randomized to EVR in a CNI‐free regimen. The subgroup of patients who remained on EVR without restarting TAC showed the highest eGFR at 2 years, compatible with 1‐year results from the PROTECT study which showed that the renal benefit was higher in patients who remain on EVR versus those who discontinued.[14](#lt25664-bib-0014){ref-type="ref"} In the TAC group of our study, conversely, EVR was initiated in 24% of patients. Consistent with these changes to immunosuppression, mean eGFR decreased in the EVR arm after completion of SIMCER but plateaued in the TAC group such that the between‐group difference lessened. Nevertheless, despite the high proportion of switches in immunosuppression, mean eGFR was still \~8 mL/minute/1.73 m^2^ higher in the EVR group versus the TAC arm at month 24, and fewer patients progressed beyond CKD stage 1. It is unlikely that many patients will switch immunosuppression after month 24, and further follow‐up will determine if this numerical difference is maintained long term. The prevalence of CDK stage 3 was higher in the EVR‐TAC (38.7%) and TAC‐EVR (52.6%) groups compared with the group with TAC alone (19.6%). TAC was introduced in 46% of patients in the EVR arm, and EVR was introduced in 24% of patients in the TAC arm; therefore we assume that the low proportion of CKD stage 3 in the TAC arm was due, in part, to the selected TAC group as those patients with CKD stage 3 in this arm have mostly an introduction of EVR and figure in the TAC + EVR group.

After month 6, treated BPAR was rare in both groups, and all 3 of the episodes in the EVR group for which results were available were graded as mild. The overall rate of treated BPAR from randomization to 2 years (15.4%) in the EVR group was similar to the 1‐year incidence in the EVR/CNI‐free group in the PROTECT study (17.7%)[14](#lt25664-bib-0014){ref-type="ref"} and lower than in the H2304 study (26.4%)[12](#lt25664-bib-0012){ref-type="ref"} where basiliximab was not given. Inclusion of MPA in the CNI‐free EVR‐based regimen is likely to have helped reduce graft rejection.

The adverse events reported in the EVR group are consistent with the known safety profile of mTOR inhibitors.[18](#lt25664-bib-0018){ref-type="ref"} Equally, the higher rate of diarrhea in the TAC arm is as expected,[19](#lt25664-bib-0019){ref-type="ref"} as was the lower rate of cytomegalovirus infection in the EVR‐treated cohort, based on evidence from kidney[20](#lt25664-bib-0020){ref-type="ref"} and heart[21](#lt25664-bib-0021){ref-type="ref"} transplantation. Immunosuppressive regimen modification due to adverse events was more frequent in the EVR group from randomization to month 24. Here, MPA was included in the EVR‐based regimen with the aim of maintaining immunosuppressive efficacy while permitting lower EVR exposure. The mean EVR trough concentration at the end of the SIMCER study (ie, month 6 after transplant) was 7.9 ng/mL[15](#lt25664-bib-0015){ref-type="ref"} compared with 9.3 ng/mL at month 7 in PROTECT.[14](#lt25664-bib-0014){ref-type="ref"}

There has been interest in using mTOR inhibitors for patients undergoing liver transplantation for HCC[22](#lt25664-bib-0022){ref-type="ref"} because of studies suggesting a lower risk for HCC recurrence[23](#lt25664-bib-0023){ref-type="ref"}, [24](#lt25664-bib-0024){ref-type="ref"} and improved short‐term outcomes in patients where HCC does recur.[25](#lt25664-bib-0025){ref-type="ref"} In our study, at 2 years after transplant, HCC recurrence was seen only in the TAC arm, but numbers were low, thus not allowing a thorough between‐group comparison. The mTOR inhibitors could also potentially lower the risk for cardiovascular events by reducing CNI‐related hypertensive and diabetogenic effects[26](#lt25664-bib-0026){ref-type="ref"} and possibly via direct cardioprotective effects,[27](#lt25664-bib-0027){ref-type="ref"}, [28](#lt25664-bib-0028){ref-type="ref"}, [29](#lt25664-bib-0029){ref-type="ref"}, [30](#lt25664-bib-0030){ref-type="ref"} as suggested in a recent analysis of 1‐year data from kidney transplantation.[31](#lt25664-bib-0031){ref-type="ref"} In our smaller cohort, MACEs occurred only in the TAC group (3.8%).

The major weakness of the study is its observational design. Therefore, a high proportion of patients were switched to different immunosuppressive regimens. Although this is representative of real‐world practice, any effects of using EVR in a CNI‐free regimen would be diminished. Additionally, although follow‐up was good in the CERTITUDE trial, with 137/143 patients followed to month 24, 45/188 patients in the SIMCER study did not enter CERTITUDE, notably due to patients' refusal and for administrative reasons. There were also missing data at the 2‐year visit; notably, the protein:creatinine ratio was provided in few patients, indicating that this is not a standard follow‐up assessment in many transplant centers.

In conclusion, evidence from this observational study indicates that an EVR‐based maintenance regimen appears feasible in approximately half of liver transplant patients during routine practice. Such a regimen seems to preserve renal function effectively with favorable antirejection efficacy and without compromising safety or hematological tolerance. However, no one‐size‐fits‐all approach could be applied, and it remains important to tailor therapy to suit patient characteristics through the assessment of individual risk/benefit balance. In CERTITUDE, patients are being followed to 5 years after transplant to provide longterm information.
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